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1.	 Microplastics	 (plastic	 particles	 <5	mm	 in	 size)	 are	 highly	 available	 for	 ingestion	
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Marine	microplastics	present	 in	 seawater,	 sediment	or	on	veg-
etation,	may	 be	 consumed	 as	 a	 result	 of	 being	mistaken	 for	 food	
or	 due	 to	 indiscriminate	 feeding	 strategies	 (e.g.	 filter	 feeding;	
Besseling	et	al.,	2015;	Hall,	Berry,	Rintoul,	&	Hoogenboom,	2015).	
Additionally,	 they	may	be	 ingested	 indirectly	as	a	 result	of	 trophic	






organisms	 (Cole,	 Lindeque,	 Fileman,	 Halsband,	 &	 Galloway,	 2015;	
Lei	et	al.,	2018).	Furthermore,	hydrophobic	chemical	contaminants	






that	 may	 be	 caused	 by	 anthropogenic	 factors	 (Jeanniard‐du‐Dot,	
Thomas,	 Cherel,	 Trites,	&	Guinet,	 2017),	 such	 as	 plastic	 pollution.	
Marine	mammals,	 in	 particular,	 are	 often	 considered	 sentinels	 for	
marine	ecosystem	health	due	to	their	high	trophic	 level,	extensive	
foraging	 ranges,	 sampling	 of	 the	 full	 water	 column	 and	 longevity	
(Bossart,	2011;	Fossi	et	al.,	2014;	Moore,	2008).	Although	they	in-
gest	microplastics,	 the	 route	of	uptake	and	 resulting	biological	 ef-
fects	 remain	unclear	 (Lusher,	Hernandez‐Milian,	Berrow,	Rogan,	&	
O’Connor,	 2018;	 Lusher	 et	 al.,	 2015;	Nelms	 et	 al.,	 2019).	 For	 this	




Grey	 seals	 are	 top	 predators	 in	 United	 Kingdom	 (UK)	 waters,	
consuming	a	 range	of	demersal	 fish	species,	 such	as	sand	eel,	cod	
and	 other	 gadoid	 fish	 (Brown,	 Bearhop,	 Harrod,	 &	 McDonald,	







mammal	 species	 because	 they	 are	 logistically	 challenging	 to	 ac-
cess	 and	 sample.	 Stranded	 animals,	 from	 which	 gut	 content	 may	
be	extracted	for	dietary	analysis,	are	 investigated	when	accessible	
(Fernández	 et	 al.,	 2014;	 Mintzer,	 Gannon,	 Barros,	 &	 Read,	 2008;	
Nelms	et	al.,	2019).	However,	animals	that	died	from	infectious	dis-
ease,	 starvation	 or	 other	 non‐trauma‐related	 causes	 of	 mortality,	
may	 introduce	 bias	 due	 to	 probable	 abnormal	 feeding	 behaviour	
prior	to	death	(Fernández	et	al.,	2014;	Mintzer	et	al.,	2008;	Nelms	
et	al.,	2019).	Grey	seals	offer	the	opportunity	for	relatively	easy	and	





(Grellier	 &	Hammond,	 2006;	 Jeanniard‐du‐Dot	 et	 al.,	 2017),	 scat‐
based	methods	are	non‐invasive	and	have	traditionally	been	utilized	












et	 al.,	 2005).	 Such	 a	 technique,	which	 provides	 presence/absence	
information	 for	 each	potential	 prey	 species,	 can	be	performed	on	
small	quantities	of	faecal	matter,	but	traditional	cloning	and	subse-
quent	sequencing	of	the	amplicons	is	time‐consuming	and	therefore	
limits	 the	 number	 of	 scats	 and	 sequences	 that	 can	 be	 processed.	
Quantitative	 PCR	 (qPCR)	 methods	 have	 also	 been	 developed	 to	













sequencing	 (HTS)	 allowing	 the	mass‐amplification	 (using	 universal	
primers)	of	DNA	barcodes	from	collections	of	organisms	or	environ-
mental	DNA	 (Deagle	et	 al.,	 2019).	 Such	a	method	yields	 a	 greater	
number	of	sequences	and	therefore	a	greater	diversity	of	prey	spe-
cies	without	predefining	 the	screening	panel	 (Jeanniard‐du‐Dot	et	
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factor	 that	 determines	 the	 extent	 to	 which	 plastic	 is	 ingested,	
particularly	 for	 top	 predators	 for	 which	 trophic	 transfer	 is	 po-






Zhao,	 Zhu,	 &	 Li,	 2016;	 Huerta	 Lwanga	 et	 al.,	 2017;	 Duncan	 et	
al.,	2019;	Nelms	et	al.,	2019),	they	usually	require	different	sam-
ple	 processing	 methods	 and	 have	 not	 been	 used	 concurrently.	






We	 performed	 a	 spiked	 trial	 to	 assess	 the	 recovery	 rate	 of	
purpose‐made	 microplastics	 from	 seal	 scats	 when	 subjected	
to	 two	DNA	 extraction	 treatments.	 Using	 the	most	 appropriate	













2  | MATERIAL S AND METHODS
2.1 | Sample collection
Grey	seal	scats	 (n	=	15)	were	collected	from	a	number	of	haul‐out	










A	scat	was	 thawed	and	 two	×2	g	sub‐samples	were	placed	 into	




propylene,	nylon	 fishing	 line,	 fishing	 rope,	 low‐density	polyeth-
ylene	(LDPE)	and	expanded	polystyrene)	were	added	to	each	of	
the	two	tubes.
F I G U R E  1   (a)	Scats	were	collected	from	haul‐out	sites	on	Skomer	Island	(represented	by	star),	Wales;	(b)	Tissue	samples	from	a	dead	
weaned	grey	seal	pup	were	collected	from	the	Isle	of	May	(represented	by	star),	Scotland
(a) (b)








samples	shaken	at	 room	temperature	 for	20	min	and	 incubated	at	
65°C	for	a	further	20	min.
2.2.3 | Combined DNA and microplastic extraction 
procedure comparison
Two	 different	 treatments	 were	 applied	 to	 the	 scat	 sub‐samples,	
hereafter	Treatment A and Treatment B	 (see	 Figure	 2),	 each	 aimed	
at	combining	DNA	and	microplastic	extraction	into	one	procedure;
Treatment A
1. Step 1 ‐ Microplastic removal:	Following	enzymatic	digestion,	the	
entire	 sample	 was	 filtered	 through	 a	 35	 µm	 mesh	 disc	 using	
a	 vacuum	pump	 and	 collected	 in	 a	 sterilized	 (autoclaved)	 glass	
flask.	The	resulting	solution	was	retained	(at	room	temperature	
for	 a	 minimum	 amount	 of	 time	 to	 prevent	 DNA	 degradation)	
for	 subsequent	DNA	extraction.	 The	mesh	 disc	 containing	 the	
scat	 residue	 and	 microplastics	 was	 stored	 in	 a	 Petri	 dish	 for	
later	 microscopic	 inspection.












1. DNA extraction and microplastic removal:	 Following	 enzymatic	
digestion,	 DNA	 was	 extracted	 using	 the	 methods	 outlined	 by	
Step	 2	 above.	 However,	 following	 separation	 by	 phenol/
chloroform:isoamyl	 alcohol	 (24:1),	 the	 aqueous	 phase	 was	 re-
tained	for	DNA	extraction	and	only	the	interphase	and	organic	
phase	 were	 filtered	 through	 a	 35	 µm	 mesh	 using	 vacuum	
pump	 as	 in	 Step	 1	 for	 microplastic	 removal	 above.
2.2.4 | Molecular analysis for diet
Metabarcoding	of	DNA	in	the	seal	scats,	to	assess	seal	diet,	was	per-
formed	by	amplification	of	a	region	of	the	18S	nuclear	small	subunit	
F I G U R E  2  Schematic	showing	processes	applied	to	Treatments	A	and	B	to	extract	DNA	and	isolate	microplastics
























The	 dried	 mesh	 discs	 were	 examined	 and	 microplastic	 particles	
counted	 to	 determine	 the	 recovery	 rate	 of	 microplastics	 used	 to	
spike	the	samples.
2.3 | Optimized protocol
















Ecology).	 A	 representative	 set	 of	 sequences	 was	 then	 generated	
and	these	sequences	were	assigned	taxonomy	(at	the	level	of	95%	
homology)	 using	 the	 BLASTn	 search	 of	 the	 NCBI	 non‐redundant	
dataset.	Only	OTUs	with	>95%	homology	were	retained	for	further	
analysis	 and	OTUs	 assigned	 as	 predator	DNA	 (as	 detailed	 above),	
fungi	and	bacteria	were	removed.














































































2.4.3 | Sequencing and data processing
PCR	amplification	was	performed	for	each	tissue	type	(liver,	kidney	
and	muscle;	concentration	of	DNA	range	=	2,823.7–5,028.9	ng/µl)	
using	 the	 methods	 and	 universal	 primers	 as	 described	 above	 for	
seal	scat.	Following	visualization	of	the	amplification	products	using	
gel	 electrophoresis	 (2%	 agarose	 gel),	 DNA	 extracted	 from	muscle	
was	deemed	the	most	appropriate	and	reliable	for	sequencing.	Six	
replicates	of	the	18S	V9	PCR	products	from	grey	seal	muscle	DNA	
(concentration	 of	DNA	 range	 =	 0.01–0.36	 ng/µl)	were	 sequenced	
in	 both	 directions	 by	 LGC	Genomics,	 Berlin	 (Germany).	 Sequence	
data	from	the	six	replicates	were	aligned	and	a	consensus	sequence	





3.1.1 | Observations and microplastic recovery rate
During	 the	 spiked	 trial,	 phenol	 dissolved	 the	 purpose‐made	 mi-







pled	 scats	 (53%),	 ranging	 between	 1–5	 microplastics	 per	 scat,	 as	
confirmed	by	FT‐IR.	Fibres	were	most	commonly	detected	(76.5%;	
n	=	13)	while	fragments	made	up	23.5%	(n	=	4).	The	former	ranged	
from	 5.5	 mm	 to	 300	 µm	 in	 length	 while	 the	 latter	 ranged	 from	
400	µm	to	150	µm	along	the	longest	edge.	The	majority	were	blue	
(52.9%)	followed	by	red	(17.6%),	black	(11.8%),	clear,	orange	and	pur-
ple	 (Figure	3).	The	most	common	polymer	 type	was	Nylon	 (47.1%;	




formed	 from	 the	 15	 scats.	 Following	 the	 removal	 of	 singletons	





subjected	 to	 further	 analysis,	 based	 on	 their	 likelihood	 to	 contain	










DNA	 (predator;	 subsequently	 removed)	 was	 most	 prevalent	 (58%)	
followed	by	actinopteri	(ray‐finned‐fish;	42%	of	Chordata	and	19%	of	
all	sequences	returned;	Figure	4b).	The	three	most	common	families	




























































particularly	 if	 the	 predators	 and	 prey	 are	 closely	 related,	 or	 if	 the	
predator	is	known	to	consume	conspecifics	(Bishop,	Onoufriou,	Moss,	








F I G U R E  3  Doughnut	plot	showing	proportions	of	microplastic	
colours	detected	in	seal	scats	(blue	=	53%,	red	=	17%,	black	=	12%,	
clear,	orange	and	purple	=	12%)







Eukaryota 4,881 934,586 65.238
Fungi 1,731 495,391 34.581
Bacteria 26 2,579 0.180
Viridiplantae 2 13 0.001
Total 6,640 1,432,569 100.000




































terns	and	 trends.	For	example,	 the	seals	 in	 this	 study	predate	 fish	 in	
the	Celtic	Sea	but	the	fish	examined	by	Rummel	et	al.,	(2016)	fed	in	the	
North	and	Baltic	Seas	where	the	abundance	of	microplastics,	 in	both	
the	marine	environment	 and	 the	 species	 that	 inhabit	 it,	might	 differ.	















1.	 Wherever	 possible,	microplastic	 contamination	 should	 be	mini-
mized.	Scats	should	be	collected	using	non‐plastic	equipment	(or	
scrapings	 of	 plastic	 equipment	 should	 be	 taken	 for	 comparison	
as	 a	 control)	 and	 a	 sample	 from	 the	 surrounding	 substrate	
should	 be	 collected	 to	 eliminate	 any	 obvious	 environmental	
sources	of	plastic.	During	sample	processing,	a	subsample	 from	
the	 centre	 of	 the	 scat	 should	 be	 used	 to	 avoid	 any	 possible	
contamination	 of	 the	 external	 surfaces.	 Further	 information	 on	
contamination	 control	 can	 be	 found	 in	 Nelms	 et	 al.,	 (2018).
2.	 To	obtain	the	best	DNA	results,	and	therefore	the	most	accurate	
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predatory	 fish,	 for	 example,	 tuna.	 Given	 that	 microplastics	 have	
been	detected	in	air,	soil	and	freshwater	environments	(Dris	et	al.,	
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